In tro duc tion
In Montenegro there is a large un used po ten tial of the re new able en ergy sources, so that along with the ap pro pri ate state mea sures, it is eco nom i cally and en vi ron men tally jus ti fied to ex pect Montenegro to more than dou ble the uti li za tion of the ex ist ing re new able en ergy sources in clud ing wood bio mass, in the near fu ture. For the pur pose of achiev ing this goal, "Com mer cial Uti li sa tion of the Wood Res i due as a Re source for Eco nomic De vel op ment in the North of Montenegro" pro ject was car ried out in 2007 [1] . The pro ject was ini ti ated by FORS Montenegro, the agency for the Re gional De vel op ment of the North of Montenegro. The pro ject has pro vided in ter ested par ties with the ba sic in for ma tion on the mar ket of solid biofuel made from wood bio mass, the nec es sary in vest ments for car ry ing out the pro jects of solid biofuel pro -duc tion works, the ex pected in flu ences on de vel op ment of the north of Montenegro, as well as the pos si ble con se quences of car ry ing out the pro posed pro jects. The fo cus was on de ter min ing the quan ti ties and char ac ter is tics of the wood res i due at dis posal and the pos si bil i ties for its uti lisa tion in pro duc tion of re new able biofuels (log wood, bri quettes, pel lets, wood chips), the economic jus ti fi ca tion for this pro duc tion, and eco nomic, so cio log i cal, and en vi ron men tal in fluences this pro duc tion might have upon the wider so cial com mu nity.
For the pro ject pur poses, the fol low ing has been ana lysed: the fell ing vol ume in the state and pri vate for ests, the wood res i due from for estry and wood pro cess ing at dis posal, its poten tial, spa tial dis tri bu tion and the ex ist ing ways of dis pos ing of wood res i due from for estry and wood pro cess ing. The to tal planned fell ing in Montenegro in the year 2007 rep re sents a sum of the long-term and short-term con ces sions from the state for ests, the fore seen san i tary fell ing, fell ing for the heat ing needs of the lo cal pop u la tion and cal cu lated ex pected fell ing from the private for ests. It amounts to some thing more than 560,000 m 3 which ap prox i mately rep re sents equal amount of broadleaves and co ni fers. The to tal wood res i due at dis posal which might be po ten tially used for solid biofuel pro duc tion amounts to slightly more than 400,000 m 3 , more broadleaves (about 230,000 m 3 ) than co ni fers (170,000 m 3 ). The en ergy value of the to tal wood res i due is equiv a lent to the en ergy value of 75,000 tons of oil. The val ues ob tained are only rough ap prox i ma tion. There are dif fer ences from one re gion to an other, so that de tailed re search should be per formed for ac tual cal cu la tions. In ad di tion, field re search has been per formed. Thirty com pa nies, deal ing with wood pro cess ing, were in ter viewed and 15 com pa nies, of special im por tance for wood pro cess ing in Montenegro, were vis ited for the pur pose of get ting the di rect in sight into their ac tiv i ties.
For car ry ing out the plans of uti li sa tion of the wood waste for the pro duc tion of solid biofuel only a mi nor part of the wood mass thus cal cu lated is at dis posal. Ma jor com pa nies have their own plans about uti li sa tion of the wood res i due from for estry and wood pro cess ing and their "in ter nal" con sump tion will in crease with time ac cord ing to their ex pan sion. There is a lot of dif fer ent ways to use the wood res i due as a fuel, but the most ef fi cient is its di rect raw combus tion in the burn ers of stoves or boil ers with the de gree of boiler uti li sa tion from 60% for raw up to 80% for dried fuel [2] .
A pro posed plan of ac tion is pre sented at the end of the pa per. The plan in cludes the nec es sary in ter ven tions of the Gov ern ment and its Agen cies, as so ci a tions or clus ters, non-govern ment or gani sa tions and in ter ested en ter prises. It is made on the ba sis of the wood res i due at dis posal and the at ti tude of in di vid ual sub jects to pro duce and/or use solid biofuels and con sists of a pro posal of the col lec tion and uti li sa tion of wood res i due for in di vid ual dis tricts in the north of Montenegro.
Wood bio mass in the Re pub lic of Montenegro
The Re pub lic of Montenegro is sit u ated in the south-east ern Eu rope and bor der ing Alba nia on the East, Ser bia on the North and North east, Bosnia and Herzegovina on the west, Croatia on the south west, and the Adri atic Sea on the south. Montenegro cov ers the area of 13,812 km 2 . It is dom i nantly a moun tain ous coun try in cised by river gorges and deep val leys. Plains are found only in the south ern parts of the coun try. The pro por tion of the land whose slope is smaller than 5% amounts to about 3.7% of the to tal area of Montenegro [3] . The cli mate in Montenegro is de ter mined by its lat i tude, al ti tude, the pres ence of large wa ter ar eas (the Adriatic sea, the lake of Skadar), deep in ci sion of the sea into the land (the gulf of Boka Kotorska), mod er ately high moun tain hin ter land in the vi cin ity of the coast (Orjen, Lov}en, Rumija), the field of Ulcinj in the ex treme south east and the moun tain mas sive of Durmitor, Bjelasica, and Prokletije.
There are 21 dis tricts on the ter ri tory of Montenegro which are di vided into three regions: South ern, Cen tral, and North ern re gion. The re gion con sid ered within this pro ject is some what wider than the North ern re gion and in cludes vir tu ally all for est area in Montenegro. It re fers to the eco nom i cally less de vel oped part of Montenegro with the pop u la tion greater than 300,000 in hab it ants. How ever, this area could over come this eco nom i cal dis ad van tage with better uti li za tion of the nat u ral re sources at dis posal.
For estry in Montenegro
The di verse cli mate in Montenegro has a large in flu ence upon for ests and for est ar eas. We can dis tin guish be tween nu mer ous dif fer ent for est as so ci a tions in Montenegro de pend ing on geo graphic and cli mate con di tions. The main com mer cial tree spe cies in the Montenegrin for ests are the co ni fers: fir (abies alba), spruce (picea abies), Scotts pine (pinus sylvestris) and Aus trian pine (pinus nigra). The most im por tant broadleaves in the Montenegrin for ests are: beech (fagus sylvatica) and oak (Quercus sesiliflora). The other valu able spe cies are found in smaller quan ti ties. The main spe cies make up mixed or sin gle-spe cies for ests. For ests and for est lands in Montenegro cover about 710,000 to 740,000 hect ares or 51% to 54% of the ter ri tory of Montenegro. The to tal stock of wood mass in the for ests of Montenegro is es ti mated at 72 million m 3 , out of which 29.5 mil lion or 41% rep re sents co nif er ous, and 42.5 mil lion m 3 , or 59% stands for broad leaved for ests [3, 4] (see tab. 1). As for the own er ship, around 60 mil lion m 3 (59,630,880 m 3 ) of the for est fund is state owned. Eco nomic for ests cover the larg est area (89.05%) whereas the rest be longs to pro tec tive for ests and na tional parks, 7.7% and 3.25%, re spec tively.
The struc ture of the wood stocks in the state for ests is the fol low ing: -conifers 28,355,635 m 3 , i. e. 47.55% of the total wood mass in the state forests, and -broadleaves 31,275,245 m 3 , i. e. 52.45% of the total wood mass in the state forests.
Wood stocks in pri vate own er ship amount to 12.425.819 m 3 where wood stocks of broadleaves dom i nate amount ing to 90.57% of the to tal wood mass. The rest con sists of co nifers. The an nual for est in cre ment in Montenegro is es ti mated at 1.5 mil lion m 3 , out of which 0.7 mil lion m 3 are co ni fers and 0.8 mil lion m 3 are broadleaves The struc ture of the for est in cre ment in Montenegro is pre sented in tab. 2 [5] . The larg est part of the in cre ment (83.29%) orig i nates from the state for ests which make up 67.25% of for ests and for est land in Montenegro and pos sess about 82% of the to tal wood mass. Based on as sets it is pre scribed how much wood over a cer tain time must, or can be cut in some stand * . The pre scribed an nual as sets in Montenegro amount to slightly more than half the an nual in cre ment. By com par i son of the in cre ment and as sets (see tab. 2 and tab. 3) the fol low ing con clusions can be made: -the ratio between assets and increment in the forests of Montenegro amounts to about 55%, -the ratio is approximately similar in the state forests (54.1%), -the assets for the conifers in the state forests are somewhat higher and amount to 61.2% of the increment, while for the broadleaves they are about 50%, -the ratio of the assets and the increment in private forests is higher and amounts to about 58%, and -in private forests, the assets of broadleaves amount to 58.8% of the increment, and with the conifers about 52.7%. The for ests owned by the state in Montenegro are given for uti li sa tion to the le gal subjects reg is tered for per form ing ac tiv i ties in for estry, as well as for other ac tiv i ties as de ter mined by the Law on For ests of Re pub lic of Montenegro, un der the con di tions and in the way fore seen by this Law, through the sys tem of con ces sions. The data on con ces sions for the year 2007 are given in tab. 4 (420,688 m 3 ). In ad di tion, cer tain quan ti ties should be added for san i tary cuts (3,233 m 3 ) as well as for the cuts that the lo cal ru ral pop u la tion would use as a fuel. There are no such elab o rate data for the pri vate for ests as there are for the state for ests. It can only be as sumed that the same state pol icy is ap plied for the pri vate for ests as well. It means that the plan of felling in the pri vate for ests is around 70% of the es tab lished as sets.
Ta ble 3. An nual as sets in Montenegro
The cal cu la tion has been made un der the as sump tion that the wood from the san i tary fell ing and the fuel wood for the pop u la tion orig i nate from the broad leaved for ests.
Wood pro cess ing in Montenegro
Both wood in dus try and for estry rep re sents sig nif i cant eco nomic ac tiv i ties in Montenegro though their sig nif i cance is mostly based on their po ten tial and not ac com plishments in these fields. The raw ma te rial re sources and nu mer ous pre vi ously con structed ca pac ities are a ba sis for con sid er ably higher level of pro duc tion and more sig nif i cant pro por tion within the do mes tic prod uct, ex port, and em ploy ment. The men tioned plants were mostly built or mod ern ised in the eight ies and un til re cently they have all been in the hands of the state. Over the last few years the pri or i ties of the Gov ern ment of Montenegro, in the area of wood pro cessing, are the re struc tur ing and privatisation of these en ter prises but also the stim u la tion of de velop ment of small and me dium en ter prises in the ru ral ar eas which would be based on other products of for ests, apart from pro cess ing of tech ni cal wood [6] .
In the frame of the field re search, vis its have been or gan ised to the key en ter prises of the wood pro cess ing in Montenegro. It re fers to the pri va tised en ter prises, once bear ers of the wood in dus try. The quoted firms in the year 2007 pro cessed ap prox i mately 300,000 m 3 of timber, which is more than 50% of the to tal wood mass (from the state and pri vate for ests) fore seen for cut ting in the year 2007. The raw ma te rial that they uti lise mostly co mes from the state forests based on long-term con ces sions. The sit u a tion in these firms var ies and de pends on the time elapsed from the in stant of privatisation, the state at the time of privatisation, hu man re sources sit u a tion, as well as the plans and am bi tions of the new own ers. The best firms have al ready ac tivated the ex ist ing tech nol o gies and they are on the way to re turn to the for mer vol ume of the produc tion. The oth ers mostly en gage in saw mill pro cess ing, while their works and en ergy in stal lations are still in the re con struc tion phase. At the mo ment, they dis pose of sur plus wood res i due which might be used for pro duc tion of solid biofuel. In ad di tion, these firms dis pose of a cer tain quan tity of stacked wood which they have pulled out of the for est to gether with the logs, and which they are now sell ing to the pop u la tion and other en ter prises. It is im por tant to re mark that the quan ti ties of wood res i due and stacked wood for sell ing will be de creas ing, due to in creas ing de gree of final is ation in the wood in dus try. 
Wood res i due
Along with ana lys ing quan ti ties, the uti li sa tion pos si bil i ties and the prob lems re lated to dis pos ing the wood res i due it is nec es sary to sep a rate han dling the wood res i due stem ming from for est fell ing and the wood res i due stem ming from wood pro cess ing not for get ting the wood end ing in in dus trial or com mu nal waste. In this pa per, we will con sider only the part of sources of wood res i due as a pos si ble feedstock for the pro duc tion of solid biofuels.
For estry
In the for estry sec tor when we cal cu lated the amount of wood that could be used for heat ing, we took into ac count bulky branch sub stance, stacked wood, whole trees from san i tary cuts, and spe cially cuts for fuel for the lo cal ru ral pop u la tion. Ta ble 5 rep re sents the data on the cal cu lated heat at dis posal which might be reached by burn ing this wood, as well as the equiv alent en ergy value in oil. The val ues in tab. 5 have been ob tained on the ba sis of the fol low ing as sump tions: -the volumes of the bulky branch substance and the stacked and cellulose wood at disposal have been calculated on the basis of the Proposal of the Decision on Concessions from the year 2007 and the data given in [7] , -the moisture content of the felled wood is 60%, -density of the raw broadleaves (beech taken as representative) amounts to 900 kg/m 3 , -density of the raw conifers (fir taken as representative) amounts to 585 kg/m 3 , -lower heating value of raw broadleaves (beech taken as representative) amounts to 9.90 MJ/kg [8, 9] , -lower heating value of raw conifers (fir taken as representative) amounts to 10.54 MJ/kg [8, 9] , -lower heating value of crude-oil amounts to 42.00 MJ/kg, -forest residue makes 40% of mass of trunk of broadleaves [10] , and -forest residue makes 30% of mass of trunk of conifers [10, 11] .
For the rest (tiny branch wood, stumps, and roots), however attractive it might be at first sight, there are neither technical nor human resources potentials, nor economic justification to exploit it. However, it is still possible in the future to be utilized with according changes in the legal regulations, state pol icy, and the public attitude toward the renewable energy sources.
Wood res i due from the wood pro cess ing
The wood res i due in the wood pro cess ing is di vided into: bulky, tiny, and bark. Ta ble 6 rep re sents the data on the pro por tion per cent age of the res i due at wood pro cess ing in dif fer ent tech nol o gies of the lat ter. These percents do not in clude the bark and a part of the wood res i due which is spe cially des ig nated for dif fer ent rea sons and can not be used (scat ter, shrink ing, and sim i lar). Each me chan i cal or chem i cal pro cess ing is di rected to pro duc tion of cer tain as sortments and prod ucts and it has its pro duc tion bal ance with re spect to the in put raw ma te rial. When cal cu lat ing the avail able wood res i due it has been as sumed that all the avail able tech ni cal wood is pro cessed only into sawn tim ber. Wood res i dues from the pro duc tion of ve neer, pan els, fur ni ture, join ery, etc. are ex cluded from the cal cu la tions. In these en ter prises there is usu ally a bal ance be tween the tech no log i cal needs of ther mal heat and en ergy po ten tial of wood res i dues that oc cur there [12] . Amounts that re main are low and de crease with in creas ing de gree of fi naliza tion of these plants.
The val ues in the tab. 7 have been ob tained on the ba sis of the pre vi ously given assump tion in cal cu lat ing the en ergy value of for est bio mass. 
Ex pected wood res i due in Montenegro in 2007
The avail able quan ti ties of the wood res i due from for estry and the pri mary pro cess ing are not par tic u larly large (see tab. 8). Be sides, it is al most evenly dis trib uted across the whole ter ri tory of the area con sidered. An ex cep tion is Pljevlja where al most 30% of the to tal res i due from the pri mary pro cess ing of wood is con cen trated. All this should be taken into ac count when mak ing po ten tial plans about its uti li sa tion.
In ter est for biofuels pro duc tion
On the ba sis of the field re search per formed, it has been found out that a ma jor part of the sawn tim ber (at that mo ment) was sold with out dry ing and final is ation, so that the wood res idue orig i nat ing from the saw mill pro cess ing was not nec es sary on site for pro duc tion of the heat en ergy or heat ing. The wood res i due is a par tic u lar prob lem for small firms lo cated in the ur ban ar eas. Due to non-ex is tence of the mar ket, tiny res i due is pil ing at the site of the firm, be ing dumped or, with com pen sa tion for the trans port costs, trans ported to the com mu nal waste disposal site (where ex is tent). Bulk ier res i due is sold or trans ported away.
Nei ther of the cit ies vis ited has a sep a rate de pos i tory for wood res i due nor is this res idue uti lised for heat ing, bri quette or pel let pro duc tion. Kolašin may serve as a good ex am ple trying to solve the heat ing is sue in the town cen tre by uti li sa tion of the wood res i due from the wood pro cess ing com pa nies in the town and its sur round ings [13] . When the pro ject ends, this might be the ex am ple for some neigh bour ing cit ies, with con ti nen tal cli mate, placed in the val leys rich in for ests. Lim i ta tions for car ry ing out such pro jects are the low price of other sources of en ergy (elec tric ity in par tic u lar), high in vest ments in boiler plants and the heat ing net work, high costs of in tro duc ing dis tance heat ing into house holds, as well as lack of in ter est on part of the au thor ities.
Only three firms which have par tic i pated in the ques tion naires or have been vis ited dur ing the field re search pos sess the in stal la tions for bri quette or pel let pro duc tion: -briquette equipment in the company "Mi-Rai" though the production is not operating at the moment, -briquette production in the company "Vraneš" whose construction has been partly financed by FORS Montenegro, and -pellet production located within the site of the sawmill "Brezna" in Plužine; the basic raw material should have been old sawdust at the factory site. Based on the col lected in for ma tion, there is an in ter est for pro duc tion of solid biofuel for the mar ket among the polled and vis ited firms. "Vektra-Jakic" firm from Pljevlja, for instance, has plans to use its sur plus of wood res i dues, which are not used in the com pany's en ergy plant, for the pro duc tion of pel lets. An other one is the firm "Boj-Komerc" from Andrijevica which has the same idea.
A large num ber of smaller com pa nies showed in ter est in the pro duc tion of bri quettes. The low est ca pac ity (100 kg/h), which would not be equipped by a grinder, i. e. which would use saw dust only, might pro duce around 500 t of bri quettes an nu ally. In or der to achieve this, it is nec es sary that the saw mill pro cesses at least 5,000 m 3 of logs. In Montenegro there are not so many firms hav ing such an an nual pro duc tion, so that a pre con di tion for build ing bri quette plant is the co-op er a tion and in ter est as so ci a tion of a larger num ber of pri vate firms which would jointly pro duce bri quettes at one lo ca tion.
Or gani sa tion of the col lec tion and uti li sa tion of wood res i due
The pro posal of or ga ni za tion of the col lec tion and uti li za tion of avail able wood waste is made on the ba sis of the avail able quan ti ties, their al lo ca tion and min i mum com mer cial produc tion ca pac ity for each type of wood based fuel. When de fin ing the way of or gani sa tion of the col lec tion and uti li sa tion of wood res i due, the out set have been the fol low ing el e ments: -in the districts in which there is at least one major wood processing company, this enterprise is chosen for pellet or briquette production, and the other smaller manufacturer would sell the surplus of their wood residue on the commercial basis to the enterprise chosen, -in the districts in which only small wood processing companies exist, having expressed an interest for the surplus of their wood residue to be used for production of wood based fuel, one smaller enterprise is chosen as the activity bearer, and the other enterprises would, also on the commercial basis, sell wood residue to the enterprise chosen, and -in the districts in which small enterprises previously have not shown an interest for co-operation in utilisation of wood residue for production of wood-based fuels, but had a problem with the disposal thereof, communal depositories will be formed for all wood residue from small sawmills and it will be utilised as fuel in small heat generating plants producing heat energy for heating schools, kindergartens, or local administration buildings.
Bri quette pro duc tion
In Bijelo Polje there is one big ger ("ŠIP Lim") and sev eral smaller man u fac tur ers which pro duce sawn tim ber and have a big prob lem with wood res i due, es pe cially saw dust because of the pol lu tion of the en vi ron ment. The en ter prise "Vraneš" has been cho sen to be the activ ity leader for the pro duc tion of wood-based fu els in this dis trict. Based on the avail able quanti ties of waste com ing from the pro duc tion pro cess in this en ter prise as well as the wood res i due gen er ated in the Danilovgrad dis trict which is in im me di ate vi cin ity of Nik{i}, it is es ti mated that the en ter prise "Mi-Rai" could pro duce around 500 tons of bri quettes an nu ally. Net heat ing value of bri quettes is be tween 17 GJ/t and 18 GJ/t (4.6-5.0 MWh) for mois ture con tent of 10%.
Prof it abil ity of bri quette pro duc tion in cluded the anal y sis of pro duc tion costs, the to tal in come ob tained by sales of the planned quan tity of bri quettes and the profit. Pro duc tion costs have been es tab lished on the ba sis of data ob tained from the man u fac tur ers in Ser bia and Bosnia and Herzegovina (in 2007) (see tab. 9). More de tails can be found in [1] . Spe cific costs are cal cu lated based on the fol low ing in put data and as sump tions: -needed amount to produce one ton of briquettes is 1.2 tons of dry or 5.45 m 3 of bulky wet sawdust [14] . It includes eventually losses and the amount of sawdust that is used for drying, -calculated price of wet sawdust ex works was 2.5 €/m 3 or 11.4 €/t of same material; transport costs (1.2 €/m 3 ) should be added to this price, -specific electricity consumption is about 110 kWh/t [15] , -an average price of electricity for enterprises was 60 €/MWh in 2007, -personnel costs amount for 4 worker for 12 month were estimated at 24,000 € or 12 €/t of produced briquettes, and -other cost includes production services, financial duties, packaging, non-material costs…
The quoted cal cu la tion im plies that the man u fac turer has no own raw ma te rial at disposal, but buys it com pletely at the mar ket. The real sit u a tion in the field is dif fer ent since the enter prises pos sess a part of the raw ma te rial, and the rest up to the fore seen ca pac ity will be provided in ac cor dance with the pro posed model of col lec tion and uti li sa tion of wood res i due. How ever, for the pur pose of get ting in sight into the prof it abil ity of the pro duc tion the least favour able ex am ple has been cho sen, since if the pro duc tion pays off un der such cir cum stances, then it can be as sumed to be even more prof it able un der more fa vour able cir cum stances.
Bear ing in mind the quan ti ties of bri quettes which in di vid ual en ter prises can pro duce, for the pro duc tion prof it abil ity cal cu la tion, the pro duc tion lines have been cho sen of the fol lowing char ac ter is tics (see tab. 10): -briquette press of capacity of 200 kg/h and 350 kg/h, and -sawdust kiln dryer of capacity of 350 kg of dry mass per hour (this is the minimum capacity of a kiln dryer found at the equipment manufacturers).
On the ba sis of pro jec tion of the to tal profit for in di vid ual man u fac tur ers (tab. 10) it can be con cluded that the in vest ment into tech no log i cal equip ment will yield a profit in the period be tween 2.5 years at the en ter prise NVO "Pljevlja drvo", and 4.9 years at the other man ufac tur ers. The credit costs have not been taken into ac count in the quoted cal cu la tions, since it has been as sumed that the ac qui si tion price of the equip ment does not rep re sent more se ri ous costs for the man u fac tur ers and that they can ei ther fi nance it on their own or with the as sis tance of non-in ter est loans ap proved by the Agency for Small and Me dium En ter prises of the Gov ernment of the Re pub lic of Montenegro. The anal y sis of the in vest ment pay-back pe riod shows the pay-back time to de crease with the in creas ing pro duc tion ca pac ity. 
Pel let pro duc tion
With re spect to the quan ti ties of wood which it will ob tain on the ba sis of long-term con ces sions in the Pljevlja dis trict "Vektra-Jaki}" has been sug gested to be the main bearer of pel let pro duc tion in this dis trict. Since the trans por ta tion dis tance is not long, the pro posal is that all the quan ti ties of the wood res i due from @abljak should be di rected into the pro duc tion of the en ter prise "Vektra-Jaki}". Bear ing in mind the de vel op ment needs of the en ter prise, with respect to the uti li sa tion of wood res i due orig i nat ing from the for est as well as from the tech no logi cal pro cess of pri mary pro cess ing of wood, it is es ti mated that out of wood res i due around 5,000 t of pel lets could be pro duced an nu ally. The en ter prise "Boj-komerc", hav ing its wood pro cessing works in the dis tricts of Berane and Andrijevica, has been sug gested as the main bearer of the uti li sa tion of wood res i due for pel let pro duc tion in these dis tricts (2,000 t at an nual level), with re spect to the ca pac i ties as well as the readi ness of the en ter prise owner to start pel let produc tion. The heat ing val ues of pel lets are be tween 17 GJ/t and 18 GJ/t (4.6-5.0 MWh) for moisture con tent of 10%.
The cal cu la tion of prof it abil ity of pel let pro duc tion has been per formed by the sim i lar meth od ol ogy as the one ap plied in the cal cu la tion of the prof it abil ity of bri quettes. The spe cific pro duc tion costs of de ter min ing the man u fac tur ing price at a rep re sen ta tive ex am ple are presented in tab. 11. Cal cu la tions were made un der the as sump tion that the man u fac turer is supplied with 10% of the nec es sary raw ma te rial from the mar ket (ac cord ing to the pro posed model of uti li sa tion of wood res i due it rep re sents the case of sup ply ing the en ter prise "Jaki}-Vektra" by wood res i due from Žabljak).
Ta ble 11. Cal cu la tion of the pro duc tion costs of pel lets at a rep re sen ta tive ex am ple with the pro duc tion of 5,000 t per year Spe cific costs are cal cu lated based on the fol low ing in put data and as sump tions: -needed amount to produce one ton of pellets some is 1.2 tons of dry or 5.8 m 3 of bulky wet sawdust; it includes the amount of sawdust that is used for drying, -calculated price of 1 m 3 of the wood residue recalculated to 15% of moisture content (grinding and drying included) is 10 €/m 3 (48 €/t), -specific electricity consumption is about 170 kWh/t [1] , -an average price of electricity for enterprises was 60 €/MWh in 2007, -personnel costs amount for 10 worker for 12 month were estimated at 78,000 €, -amortization of the basic assets in the amount of 10%, and -other cost includes production services, water, fuel, non-material costs.
Bear ing in mind the fore seen quan ti ties of pel lets for in di vid ual pro duc ers, the tech nolog i cal equip ment has been cho sen of the fol low ing characteristics: -2.2 t/h of pellets for the enterprise "Jaki}-Vektra" from Pljevlja, and -1.0 t/h for the enterprise "Boj-Komerc" from Berane.
On the ba sis of the pro jec tion of the to tal profit for in di vid ual man u fac tur ers (see tab. 12) it can be con cluded that the dis counted pay-back time would range from 7.05 years at the enter prise "Jaki}-Vektra" from Pljevlja to 11.32 years at the en ter prise "Boj-Komerc" from Berane.
Ta ble 12.
The ba sic char ac ter is tics and ac qui si tion price of the tech no log i cal equip ment for pel lets pro duc tion 
Wood chips, com mu nal "waste" and heat gen er at ing plants for heat en ergy pro duc tion on the ba sis of wood bio mass
Wood chips pro duc tion pays off ob served both from the as pect of pro por tion of the profit in the sell ing price and from the as pect of uti li sa tion of the ini tial raw ma te rial in pro duction of this sort of fuel. Mois ture con tent af fects greatly on heat ing value of wood chips. Net heat ing value of wood chips is 12.6 GJ/t (3.5 MWh) or 3.2 GJ/m 3 (0.89 MWh) for 30% mois ture con tent.
Namely, be sides the fuel (stacked) wood, bulky and tiny branch wood can be used for the pro duc tion of wood chips, as well as the res i due gen er ated in for est when pro duc ing wood as sort ment, which in such cir cum stances can not be used and sold as fuel wood.
The tech no log i cal pro cess of wood chips pro duc tion is not too com pli cated. Specially de signed ma chines ("grind ers") are used for this pur pose. The ma chine is mo bile, and such ma chine of me dium ca pac ity can pro cess around 8 m 3 of staacked wood and thus produces around 20 m 3 of wood chips (in dif fuse state) for 1 hour of op er a tion. The mar ket price of the ma chine with the trac tor and all the ac ces so ries amounts to 66,000 € (tab. 13). Wood chips could be used as fuel in ur ban heat ing plants. The Rožaje dis trict has on its ter ri tory a wood pro cess ing en ter prise "Gornji Ibar" still out of or der as well as a cer tain num ber of smaller sawn tim ber pro duc ers. Based on the data col lected in the field re search, the es ti mate is that in this dis trict with around 3,000 m 3 of wood res i due of the heat gen er at ing plant of ca pacity of 1.5 MWh is pro posed. In the Kolašin dis trict a pro ject has al ready been made of the heat gen er at ing plant of 1.5 MW power on wood bio mass [16] . Due to small quan ti ties of wood res idue gen er ated in the Mojkovac dis trict, as well as the vi cin ity of these two towns (ca. 50 km), it has been rec om mended that the wood res i due from Mojkovac should be trans ported to the Kolašin dis trict. In the dis trict Plav (AD Bor) there is one big ger en ter prise en gaged in wood pro cess ing and sev eral smaller en ter prises. The pro posal is given of form ing so-called com munal de pos i tory in which wood res i due would be col lected for the heat gen er at ing plant of the power of 1.0 MW.
Ta ble 13. Prof it abil ity of pro duc tion of wood chips
For the pur pose of cal cu lat ing the prof it abil ity of wood chip pro duc tion the sell ing price has been taken in the amount of 10 € per loose m 3 or about 43 €/t. The data ob tained from man u fac tur ers from Aus tria in di cate the profit range of around 20-30% of the sell ing price, depend ing on the mois ture of wood chips, and the profit has been de ter mined at 2 €/m 3 .
Along with the com mu nal waste grounds, mini heat gen er at ing plants would be constructed, uti lis ing wood res i due for pro duc tion of heat en ergy for heat ing of pub lic build ings and town cen tres, de pend ing on the pro jected power of the plant. The nec es sary in vest ment for a heat gen er at ing plant of 1.5 MW power amounts to around 1,000,000 € com bined with the distri bu tion net work. This value of the in vest ment costs does not in clude the costs of in stal la tions in the ob jects to be heated. Within the frame work of this study, the pro posal is that the costs of in stal la tions in their ob jects should be paid by the users themselves.
The to tal heat en ergy pro duc tion of such plant for 3,000 hours of op er a tion amounts to 4,500,000 kWh. Ac cord ing to the study made for the heat gen er at ing plant in Kolašin the production cost is 0.045 €/kWh. The quoted pro duc tion costs cover the raw ma te rial ac qui si tion (10 €/m 3 ), la bour, and elec tric en ergy costs. On the ba sis of the above, the sell ing price en sur ing a sat is fac tory profit has been de ter mined at 0.055 €/kWh. In the anal y sis of the prof it abil ity of heat en ergy pro duc tion, the pro duc tion costs have been taken from the study made for the city of Kolašin.
With re spect to the sim ple pay-back time for the con struc tion of a heat gen er ating plant on bio mass of 1.5 MW, with the sales price of 0.055 €/kWh and the planned profit of 45,000 € per year 22.2 years are needed. With re spect to the very long pay back time it is nec es sary that the Gov ern ment or the dis trict au thor i ties fi nance the great est part or the com plete in vest ment (tab. 14). Re ca pit u la tion of the val ues of the to tal pro duc tion of fu els based on wood biomass in the re gion is given in tab. 15. 
Con clu sions
On the ba sis of wood res i due at dis posal and the at ti tude of in di vid ual sub jects to pro duce and/or use solid bio fu els, a pro posal has been made of the col lec tion and uti lisa tion of wood res i due for each in di vid ual dis trict in the north of Montenegro. · briquette production at three sites with a total annual production of about 3,000 tons.
Approximate purchase price of the equipment is around 300,000 €. In briquette production satisfactory profit is achieved which can be fully stimulating for the enterprises proposed to start production of this kind of wood based fuel. An additional factor which has stimulating effect upon the manufacturers is the short simple (undiscounted) pay-back time, ranging from 2.5 to 4.9 years [1] . · Pellet production at two sites with a total annual production of around 7,000 tons.
Approximate purchase price of the equipment is around 1,800,000 €. In pellet production a forecast of the possible profit indicates its percentage to amount to 27.2% of the selling price, which should also represent a stimulating factor for determination on part of enterprises recognised as the major bearers of production of this kind of fuel. The reason why some fears might appear with the manufacturers is a relatively long simple payback time ranging from 7.05 to 11.3 years [1] . · The construction of three heat generating plants (total power 4 MW) in the districts of Kolašin (1.5 MW), Rožaje (1.5 MW), and Plav (1 MW). Communal waste grounds would be formed in their vicinity, to which sawdust and other wood residue would be transported from small sawmills found in the surroundings of these towns. Wood chips would also be brought here, which would be prepared from the forest residue by the rural population. This would influence the development of the rural areas and inclusion of the population from these areas relatively rich in forests into the process of supplying of city heat generating plants for energy production. Annually production of thermal energy would be about 12,000,000 kWh, and approximate purchase price of the equipment is around 3,100,000 € [1] . · The proposed investment will allow the opening of 46 new jobs, and a number of them on the collection of wood residues and wood chips production. Based on the con clu sions drawn, the plan is pro posed of the nec es sary in ter ven tions of the Gov ern ment and its Agen cies, as so ci a tions or clus ters, non-gov ern ment or gani sa tions, and in ter ested enterprises.
